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Abstract During the last decades, eco-physiological
studies have usually relied on the collection of blood from
wild organisms in order to obtain relevant physiological
measures. However, accurate estimates of the impact of
capture and blood collection on performances of Polar
seabird species have rarely been conducted. We investi-
gated for the first time the effects of a blood sampling
process on subsequent foraging behaviour, reproductive
performance and return rate of black-browed albatrosses
(Thalassarche melanophris) at Kerguelen Islands. We did
not find any evidence that the blood sampling process as
conducted in our study had detrimental effects on the
breeding or foraging strategies or performance of black-
browed albatrosses. Because blood collection can be
performed in several different ways, we recommend
that eco-physiologists conduct pilot studies to test whether
their blood sampling process affects the performances of
their study species.
Keywords Albatross  Disturbance  Blood sample 
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Introduction
During the last decade, physiological measurements
have been increasingly used to provide insights into
evolutionary and ecological questions (Zera and Harshman
2001; Ricklefs and Wikelski 2002; Wingfield et al. 2008;
Angelier and Chastel 2009). These interdisciplinary
approaches usually require the collection of tissues from
wild organisms in order to obtain physiological measures.
In this respect, many eco-physiological studies of verte-
brates are based on the collection of blood because it can
provide useful information without requiring prolonged
restraint, surgery or killing of a wild animal. Thus,
immune, metabolic, endocrine, isotopic and toxicological
processes in birds are usually studied by performing blood
analyses (e.g., Landys et al. 2005; Angelier et al. 2007a;
Palacios et al. 2007; Wada et al. 2009). Moreover, red cells
are nucleated in birds and can therefore be used for genetic
purposes such as sex determination, paternity or ageing
processes (e.g., Fridolfsson and Ellegren 1999; Schmoll
et al. 2009; Bize et al. 2009). For these reasons, blood
sampling is considered an effective and minimally invasive
technique to collect physiological measurements in wild
birds (Gaunt et al. 1997; Sheldon et al. 2008).
Field eco-physiologists, like ecologists and managers,
have acknowledged that blood sampling may be detri-
mental to free-living birds (Oring et al. 1988; Gaunt et al.
1997; Sheldon et al. 2008). First, it requires capturing and
restraining the birds for several minutes, which may be
stressful to the individual. Second, blood collection may
induce injuries or haematomas and weaken a bird if the
volume of withdrawn blood is too large (Gaunt et al. 1997).
As a consequence, the blood sampling process can poten-
tially induce detrimental effects on the reproductive per-
formance and survival of sampled birds. For instance, the
blood sampling process can result in nest desertion
(Colwell et al. 1988; Kania 1992; Criscuolo 2001) or even
mortality in some species (Brown and Brown 2009). Many
studies have investigated the effects of the blood sampling
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process on terrestrial bird performances (Wingfield and
Farner 1976; Dufty 1988; Hoysak and Weatherhead 1991;
Lanctot 1994; Lubjuhn et al. 1998; Perkins et al. 2004;
Schmoll et al. 2004; Sheldon et al. 2008), and this has led
to the development of guidelines aimed at the ethical col-
lection of blood that minimize the potential deleterious
effects on birds (Oring et al. 1988; Gaunt et al. 1997;
Sheldon et al. 2008). However and surprisingly, accurate
estimates of the impact of blood collection on perfor-
mances of seabirds have rarely been conducted (Sheldon
et al. 2008, but see Brown 1995; Van den Brink and Pigott
1996) despite an increasing number of eco-physiological
studies focusing on these species (e.g., Kitaysky et al.
1999; Criscuolo et al. 2002; Hall et al. 2004; Chastel et al.
2005; Cherel et al. 2005; Angelier et al. 2007b, 2010). This
is probably the case because seabirds have been considered
less susceptible to handling than other birds. However,
disturbance is known to substantially increase the heart rate
of seabirds, suggesting a high susceptibility to stress
(Weimerskirch et al. 2002; de Villiers et al. 2006).
Because seabirds are long-lived birds with a high
residual reproductive value, they are predicted to behave as
prudent parents and minimize the risk of mortality due to
breeding (Drent and Daan 1980). Thus, they should reduce
their parental effort in response to a stressor. Consequently,
a blood sampling protocol may translate into low repro-
ductive performances and/or modification of their foraging
behaviour (a proxy of parental effort, Weimerskirch 1999).
Although large seabirds are probably unlikely to die as a
consequence of a blood sampling process, they may decide
to avoid the area where they were disturbed by refraining
from breeding at that location during the following
breeding seasons (Blackmer et al. 2004). Therefore, a
blood sampling process may induce temporary or perma-
nent emigration and, thus, affect the return rate of seabirds.
In this study, we investigated for the first time the effects
of a blood sampling process on the black-browed albatross
(Thalassarche melanophris), a long-lived seabird species
that is commonly used for eco-physiological studies which
make use of blood sampling. To do so, we used an existing
data set in which albatrosses were blood sampled for hor-
mone analyses (Angelier et al. 2007a, 2010). Specifically,
we examined the combined effects of capture, short restraint
and blood sampling on the foraging behaviour (question 1),
the reproductive performance (question 2) and the return
rate (question 3) of breeding black-browed albatrosses. Age
may influence the degree to which birds are affected by a
stressor, such as the blood sampling process (Heidinger et al.
2006; Angelier et al. 2007b). Indeed, previous studies have
shown that inexperienced albatrosses are less likely to breed
successfully and have lower survival rates than experienced
birds, especially when conditions are sub-optimal (Pinaud
and Weimerskirch 2002; Angelier et al. 2007a). Therefore,
we also investigated whether the blood sampling process
affected inexperienced breeders more than experienced ones
(question 4).
Materials and methods
Study area and species
We conducted our study on breeding black-browed alba-
trosses at Can˜on des Sourcils Noirs, Kerguelen Islands
(Fig. 1; 50S, 70E). Black-browed albatrosses (3–4 kg)
are long-lived birds with a high survival probability
(Nevoux et al. 2007; Rolland et al. 2008), a low annual
fecundity (one egg per year) and a relatively high breeding
success for long-lived seabirds (Pinaud and Weimerskirch
2002; Angelier et al. 2007a). Birds breed annually,
although a small proportion of birds skip breeding each
year. During the incubating and brooding periods, parents
take turns feeding at sea and either incubating their egg or
guarding and brooding their offspring. When the chick
becomes thermally independent, it is left unattended at the
nest and both parents forage at sea to restore their body
reserves and feed their chick.
Long-term mark-recapture monitoring
We used data from an ongoing capture-mark-recapture
(CMR) programme of this species initiated on Kerguelen in
1976 (Fig. 1; see Angelier et al. 2007a; Nevoux et al.
2007). Due to this monitoring, pair members can be iden-
tified and their breeding performance known (fledging
success), allowing us to examine question 2. Moreover,
return rate from one breeding season to the next can also be
determined by using capture-mark-recapture (CMR) anal-
yses (Rolland et al. 2008), allowing us to examine question
3. Since 1980, every chick at this site has been banded prior
to fledging, and their breeding history has been monitored
since they returned to the colony to breed for the first time.
As a result of this effort, we were able to determine whe-
ther a given bird breeding in 2004 had already bred in a
previous year (experienced bird) or not (inexperienced
bird). In black-browed albatrosses, there is a significant
difference in survival and breeding success between inex-
perienced birds and experienced ones, whereas perfor-
mances do not increase with further breeding experience
among experienced breeders (Angelier et al. 2007a;
Nevoux et al. 2007). Therefore, we were able to test
whether the influence of a blood sampling process on our
variables of interest varies between experienced and inex-
perienced birds (question 4). A few unbanded albatrosses
were found breeding in the colony in 2004, and we were
not able to determine with certainty whether they were
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experienced or inexperienced. They were therefore excluded
from statistical analyses including ‘experience’ as a factor.
Capture, blood samples, fledging success and survival
In January 2004, we conducted an eco-physiological study
in which 56 parents were captured and blood sampled
during the early brooding period (5- to 10-day-old chick,
Angelier et al. 2007a) in the upper section of the long-term
study colony (hereafter called ‘sampled birds’; Fig. 1). The
remaining birds in this section of the colony were not
captured and sampled (hereafter called ‘control birds’).
Birds were captured by hand off the nest just after their
mate relieved them from brooding duties (i.e., when birds
were headed to sea). Blood samples were collected from
the tarsus vein with a 1-ml heparinized syringe and a
25-gauge needle. Blood samples never exceeded 0.5 ml.
Albatrosses were then released near their nests and allowed
to depart to sea. Handling time was reduced to the mini-
mum and never exceeded 5 min, and only one bird was
captured per nest. Because all the sampled birds were
captured, restrained and blood sampled, our protocol can-
not help to tease apart whether the capture, the restraint or
the blood sampling have different individual effects on
birds. However, it allows to understand whether the com-
bination of all these manipulations affects albatrosses.
At the end of the breeding season, each nest of the
colony was checked in order to determine fledging success.
Thus, we were able to compare fledging success between
nests for which one of the parents was captured and blood
sampled (n = 52, note that fledging success was not
monitored for 4 nests) and nests for which no parents were
captured and blood sampled (n = 83, question 2). During
the three subsequent seasons, all the nests of the colony
were monitored for the long-term CMR programme, and so
we were able to determine whether sampled and control
birds were seen at the colony in 2006, 2007 or 2008. By
using CMR analyses, we were able to estimate whether the
probability of returning to the colony differed between
‘sampled birds’ (n = 56) and ‘control birds’ (n = 200,
question 3).
Behavioural monitoring
We estimated the time spent foraging at sea of 16 alba-
trosses breeding in the colony (question 1). Birds were
marked with picric acid from a distance (i.e., without
handling the bird) with a brush at the beginning of the
study period (January 3). The sixteen nests were then
regularly monitored from dawn to dusk in order to deter-
mine the time spent foraging at sea for each bird (hereafter
‘time at sea’). These 16 birds were not disturbed while we
Fig. 1 a Geographical position
of the study site; Kerguelen
archipelago is circled in red.
b View of the colony from the
top of the cliff. The study was
conducted in the upper part of
this black-browed albatross
colony. c Picture of a black-
browed albatross brooding a
chick at its nest. All pictures by
L. Denonfoux
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monitored the duration of their foraging trip (first foraging
trip at sea). Immediately before their subsequent foraging
trip (second foraging trip at sea), 9 of them were captured
and blood sampled as previously described (‘sampled
birds’) and 7 were left undisturbed (‘control birds’). All the
sampled birds were released near their nests following the
procedure, after which we monitored the duration (‘time at
sea’) of the second foraging trip for both sampled and
control birds. Therefore, we were able to test whether time
at sea differed between sampled birds and controls before
and after the sampling process (question 1).
Statistical analyses
Survival probabilities and breeding frequency of experi-
mental and control birds were estimated and compared
with capture-mark-recapture (CMR) models, using the
MARK software (White and Burnham 1999). These mod-
els include two kinds of parameters: sighting probability
and survival probability, allowing us to test for an effect of
capture and blood sampling on these two probabilities for
albatrosses. In our study, the apparent survival probability
(U) represents the probability that an individual survived
from 2004 to 2005 and continued to breed in the long-term
monitored colony. The probability that an albatross died
between 2004 and 2005 or did not return to the colony in
the subsequent four years (emigration) is represented by
(1-U). The apparent sighting probability (P) represents the
probability that an individual bred, but was sighted in the
colony in 2005. The probability that an albatross either
bred and was not sighted in the colony in 2005 or did not
breed in the colony in 2005 is represented by (1-P). Since
the sampled birds and the controls have the same proba-
bility to be sighted in the colony when breeding, this
apparent sighting probability (P) allows us to determine
whether capture and blood sampling affect the probability
of black-browed albatrosses to skip breeding in 2005.
Because only a few inexperienced albatrosses were sam-
pled and because survival probability is high in black-
browed albatrosses (Nevoux et al. 2007), we did not have
enough statistical power to test an effect of experience of
reproduction on apparent survival and sighting probabili-
ties. Therefore, we did not include this ‘experience’ factor
in this analysis. We started our CMR analysis from the
general time-dependent model that states that U and P vary
between sampled and control birds and with time. We used
a second-order Akaike’s Information Criterion (AICc),
which corrects for sample size, to select the most parsi-
monious model (Burnham and Anderson 2002). We cal-
culated this second-order AICc using this formula:
AICc ¼ 2 logðLikelihoodÞ þ 2K þ 2K ðK þ 1ÞðN  K  1Þ
where N is the sample size and K is the number of
parameters.
Values for differences in AICc values (DAICc) were
computed by subtracting the minimum AICc from all
candidate model AICc. Differences between AICc values
of different models can be used to determine which model
provides the most adequate description of the data on
the basis of the fewest model parameters. The model with
the lowest AICc is considered the best description of the
relationship, given the models compared. DAICc values[2
are a good indicator that the model with the lowest AICc is
preferable. DAICc values\2 indicate that models are fairly
similar in their ability to describe the data, but the model
including the fewest parameters is usually preferable.
Moreover, we reported an AICc weight (w), which reflects
the relative likelihood of a specific model being the best-
fitting model among all the models considered (Burnham
and Anderson 2002). We also used likelihood ratio tests
(LRT) to test two specific biological hypotheses: (1)
P differed between sampled and control birds; (2) U dif-
fered between sampled and control birds. LRT tests the
significance of different effects on the apparent survival
and apparent sighting probabilities by contrasting pairs of
nested models, one containing the effect of interest with
one where it is omitted. We tested whether the global
model provided an adequate description of the data using
the goodness of fit, and the global model fits the data sat-
isfactorily (v2 = 12.70, df = 10, P = 0.241).
Fledging success and foraging behaviour data were
analysed using SAS statistical software (SAS Institute,
v. 9.2, Chicago, IL, USA). Specifically, we examined whe-
ther capture and blood sampling affected the time albatrosses
spent foraging by using repeated ANOVA with ‘capture/
blood sample’ as a factor and ‘time at sea’ as the repeated
measurements (question 1). Experience of reproduction
was not considered for this analysis because we did not
monitor the time spent foraging at sea for any inexperi-
enced albatross. There was no indication that normality
assumption was violated for this analysis. We compared
fledging success between ‘sampled’ and ‘control’ nests by
using a generalized linear model (GLM) with a binomial
distribution and a logit link function (dependent variable:
fledging success; independent variables: ‘capture/blood
sample’, ‘experience’ and their interaction). Therefore, we
were able to examine whether the sampling process (cap-
ture, restraint and blood sample) significantly reduced
fledging success in black-browed albatrosses (question 2).
Moreover, we also investigated whether inexperienced
birds were more likely to be affected by this sampling
process than experienced birds by including the ‘experi-
ence’ factor and the ‘experience x capture/blood sample’
interaction (question 4).
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123
Results
Apparent survival and sighting probabilities
Our model selection showed that the most parsimonious
model is the model that did not include any effect of the
capture/sampling process on the sighting probability and
the apparent survival probability (Table 1). Estimates of
the sighting probabilities and apparent survival probabili-
ties from the selected model are similar and did not differ
significantly between sampled birds and control birds
(sighting probability, LRT test, v2 = 1.77, P = 0.184;
apparent survival probability, LRT test, v2 = 0.11,
P = 0.741; Fig. 2).
Foraging behaviour
Time at sea did not differ between experimental and
control birds (repeated ANOVA, F1,14 = 0.42,
P = 0.841; Fig. 1). Moreover, time at sea did not differ
between the first and the second monitored foraging trip
for both groups (repeated ANOVA, time: F1,14 = 0.11,
P = 0.741, time x capture/blood sample’, F1,14 = 0.01,
P = 0.916; Fig. 3), demonstrating that sampled birds and
controls spent the same time at sea before and after the
sampling process.
Fledging success
Fledging success of sampled nests and control nests was
similar (GLM, F1,131 = 0.43, P = 0.514; Fig. 2), and the
‘capture/sample x experience’ interaction was not signifi-
cant (GLM, F1,131 = 0.13, P = 0.718), demonstrating that
the capture/sample process had no significant effect on the
breeding success of either inexperienced or experienced
birds. However, there was a significant effect of the
‘experience’ factor on fledging success with inexperienced
birds having a lower success than experienced birds (GLM,
F1,131 = 4.29, P = 0.040; Fig. 4).
Discussion
Foraging behaviour
We did not find any difference in the duration of foraging
trip between sampled birds and controls (question 1).
Moreover, we did not find any evidence that sampled birds
Table 1 Model selection using Akaike’s Information criterion (AICc) in order to determine the influence of the sampling process (capture,
restraint and blood sampling) on return rate of black-browed albatrosses
No Models K AICc DAICc w
1 U2004–2005(.)P2005(.) 12 1225.27 0.00 0.384
2 U2004–2005(.)P2005(sampled) 13 1,225.47 0.20 0.348
3 U2004–2005(sampled)P2005(.) 13 1,227.23 1.96 0.144
4 U2004–2005(sampled)P2005(sampled) 14 1,227.53 2.26 0.124
U and P, respectively, denote apparent survival and sighting probabilities; ‘(sampled)’ and ‘(.)’, respectively, denote an effect or no effect of the
sampling process on these probabilities. Because the sampling procedure (capture, restraint, blood sampling) was only performed in 2004, the
model selection only tested for an effect of this procedure on the survival probability from 2004 to 2005 (U2004–2005) and on the sighting
probability in 2005 (P2005). K and w refer, respectively, to the number of parameters and the AICc weight of each model
Fig. 2 Influence of the sampling process (capture, restraint and blood
sampling) on return rate of black-browed albatrosses; Estimates of the
apparent survival probability from 2004 to 2005 and the sighting
probability in 2005 for sampled birds and controls showing 95%
confidence limits. Estimates were obtained from the general model
(Model 4, Table 1). Likelihood ratio tests (LRT) were used to test
whether these probabilities differed between sampled and control
birds. Numbers above bars denote sample size for each group
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modified their foraging strategy after having been sampled.
Therefore, our study shows that neither the tarsus vein
puncture nor the capture and 5-min restraint induce a
prolonged physical discomfort or a stress that affects the
foraging decisions of an albatross parent during the
brooding period. However, it has been reported that black-
browed albatrosses can sometimes undertake longer for-
aging trips after having been captured, handled and
equipped with a device (Phillips et al. 2003). In that
respect, it is important to notice that the blood sampling
process was performed quickly in our study (*5 min),
whereas device attachment usually requires more time
(*15 min). This suggests that duration of handling time
may play a role, with some birds being affected by the
stress of handling and restraint when it exceeds a few
minutes. However, the most likely reason for prolonged
foraging in equipped birds is the additional load on the
foraging bird (Brothers et al. 1998; Phillips et al. 2003).
Reproductive performance
We did not find any deleterious effect of our blood sam-
pling protocol on fledging success of black-browed alba-
trosses (question 2). In seabirds, temporary or permanent
nest desertion is the main handling-related cause of
breeding failure (Ollason and Dunnet 1980; Brothers et al.
1998; Phillips et al. 2003; Blackmer et al. 2004). Definitive
desertion by one of the parents induces almost automati-
cally a breeding failure since the egg/chick cannot be
sufficiently protected, incubated/brooded and fed by only
one parent in procellariiforms. Temporary nest desertion
often induces breeding failure in incubating or brooding
black-browed albatrosses since the egg or the offspring is
quickly predated by lesser sheathbills (Chionis minor) and
brown skuas (Catharacta lonnbergi) when left alone. In
addition, temporary nest desertion reduces the likelihood of
an egg or a chick to hatch or fledge, respectively, because
of cooling the egg and important metabolic costs for the
chick (Olson et al. 2006). In our study, we captured and
quickly blood sampled albatross parents when they had
already been relieved from brooding duty by their mate.
Thus, we limited the risk of breeding failure due to tem-
porary desertion since the chick was protected and brooded
by the other parent at the time of sampling. This specific
protocol, in combination with the high tolerance of nesting
albatrosses to disturbance (Wheeler et al. 2009), probably
explains why we did not find any effect of our blood
sampling protocol on fledging success. However, the result
may be different during incubation, when birds are more
prone to desert the nest (Rodway et al. 1996; Blackmer
et al. 2004). Importantly, we did not find any effect of our
protocol on fledging success of inexperienced birds
(question 4), even though they are the most likely to desert
their nest under poor environmental conditions (Angelier
et al. 2007b; Nevoux et al. 2007).
Return rate
We did not report any significant effect of the blood
sampling protocol on apparent survival of black-browed
albatrosses, demonstrating that our sampling process did
not have any impact on the ability of breeders to survive
and to return to the monitored colony the following years
Fig. 3 Influence of the sampling process (capture, restraint and blood
sampling) on the foraging behaviour of black-browed albatrosses;
Time spent foraging at sea for sampled birds and controls (means ±
sem) during two subsequent foraging trips. The first trip occurred
before the sampling process and the second trip occurred just after the
sampling process. Numbers above bars denote sample size for each
group
Fig. 4 Influence of the sampling process (capture, restraint and blood
sampling) on the breeding success of black-browed albatrosses;
Estimates of the probability of successfully fledging a chick for
sampled birds and controls showing 95% confidence limits. Estimates
were obtained from the general model and are presented for
inexperienced and experienced albatrosses. Numbers above bars
denote sample size for each group
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(question 3). Unfortunately, we did not have enough sta-
tistical power to test an effect of the blood sampling pro-
tocol on apparent survival of inexperienced breeders
because mortality is a rare event in black-browed alba-
trosses (Nevoux et al. 2007), and only a small percentage
of birds in our study were inexperienced. However, all the
inexperienced birds returned from their foraging trip to
feed their chicks after the blood sampling protocol, con-
firming that this protocol did not carry any short-term
survival cost. The absence of mortality due to the blood
sampling protocol is not surprising since the volume of
blood withdrawn was minimal (0.5 ml for a bird that
weights *3,500 g) and the handling time was short
(*5 min). This result is in accordance with several studies
that focused on foraging behaviour of black-browed alba-
trosses where capture, prolonged restraints ([5 min) and
device attachments did not affect short-term or long-term
survival (Pinaud and Weimerskirch 2002; Phillips et al.
2003, 2004, 2005). In addition, we did not detect any dif-
ference in the probability of seeing a bird breeding in the
monitored colony during the subsequent breeding season
between sampled and control birds. Therefore, our blood
sampling protocol did not affect the likelihood of an
albatross to skip breeding the following year or to emigrate
temporarily from its breeding site (Blackmer et al. 2004).
A complex effect of blood collection on seabird
performances
In seabirds, many factors can affect the way a species
reacts to blood sampling. First, blood collection can be
performed in different ways (brachial, tibiotarsus, jugular
vein or directly from the heart), which may result in dif-
ferent levels of discomfort and stress and, thus, fitness
consequences for individuals. For instance, the physical
discomfort associated with the collection of blood from the
brachial vein may contribute towards flight difficulties and
the collection of blood from the large jugular vein may
weaken a bird in the case of haematomas. Importantly, the
discomfort may not have the same consequences depend-
ing on the biology of the species. Thus, collection of blood
from the brachial vein may result in high costs in species
that are highly dependent on their flight abilities such as
swallows (Brown and Brown 2009), but only minor,
insignificant costs in others (Sheldon et al. 2008). Second,
the duration of the restraint may vary depending on the
technique used, the experience of the researchers and the
ease with which a species can be handled. This is important
because handling duration may influence the degree to
which a bird is stressed by the blood sampling protocol
and, thus, affect its decision to continue or reduce its
parental effort (Wingfield and Sapolsky 2003; Angelier and
Chastel 2009). Third, blood collection can be performed
during various life-history stages and under different
environmental situations with contrasting effects on indi-
viduals. For example, black-browed albatrosses, as with
most seabirds, are usually more prone to desert their nest
when disturbed during either the early incubation or the
late post-guarding stage (Phillips et al. 2003). Last but not
least, seabird species can react differently to a blood
sampling protocol. For instance, several seabird species are
sensitive to disturbance and abandon reproduction in
response to handling (e.g., atlantic puffins: Rodway et al.
1996; northern fulmars: Ollason and Dunnet 1980; Falk
and Møller 1995; shy albatrosses: Brothers et al. 1998;
leach’s storm petrels: Blackmer et al. 2004), whereas oth-
ers can be handled or blood sampled without any signifi-
cant consequence to their fitness (ring-billed gulls: Brown
1995; southern fulmars: Van den Bring and Pigott 1996;
albatross species: Phillips et al. 2003). Importantly, closely
related species or even different populations of the same
species can show contrasting responses to a blood sampling
protocol. For instance, in contrast to black-browed alba-
trosses, shy albatrosses often abandon their nest when
captured and handled (Brothers et al. 1998; Phillips et al.
2003; this study).
For all these reasons, it is difficult to predict without
preliminary data how seabirds may be affected by a blood
sampling protocol. Therefore, we recommend that eco-
physiologists conduct pilot studies to test whether their
blood sampling process may be used without affecting the
survival, or breeding or foraging performances of their
seabird population.
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